Calcium mobilization and catecholamine secretion in adrenal chromaffin cells. A Quin-2 fluorescence study.
To better understand the relation between cell calcium and exocytotic secretion, a quantitative dependence of adrenal catecholamine secretion on cytosolic free calcium has been determined for isolated, intact, bovine chromaffin cells, using the fluorescent probe Quin-2. The cells required a threshold of 250-300 nM cytosolic calcium to be reached before detectable secretion occurred and half-maximal secretion occurred near 2 microM cytosolic calcium. Nicotinic receptors mediated an increase of cytosolic calcium from resting levels near 100 nM to levels in the 1-10 microM range within seconds followed by a decay back to resting levels over several minutes. Muscarinic receptors mediated a smaller rise in cytosolic free calcium from 100 to about 200 nM, within seconds. The nicotinic response required extracellular calcium, while the muscarinic response was largely independent of extracellular calcium, suggesting the latter mobilizes intracellular calcium. The acetylcholine-evoked rise in cytosolic calcium decayed by at least two kinetically distinct processes with half-time constants: t1 = 0.6 min and t2 = 3.2 min. Extracellular Na+ deprivation caused a more prolonged elevation of the acetylcholine-evoked calcium transient, suggesting a possible role of Na+/Ca2+ exchange and/or other Na+ -dependent processes in lowering cytosolic calcium following stimulation. The possible perturbing effects of Quin-2 on resting and stimulated cytosolic calcium levels and on secretion were examined and a novel use of Quin-2 to measure membrane calcium flux was demonstrated.